We report on a test of Lorentz invariance performed by comparing the resonance frequencies of two orthogonal cryogenic optical resonators subject to Earth's rotation over ∼ 1 year. For a possible anisotropy of the speed of light c, we obtain ∆ θ c/c 0 = (2.6 ± 1.7) · 10 −15 . Within the Robertson-Mansouri-Sexl test theory, this implies an isotropy violation parameter B = (2.2 ± 1.5) · 10 −9 , about three times lower than the best previous result. Within the general extension of the standard model of particle physics, we extract limits on 7 parameters at accuracies down to 10 −15 , improving the best previous result by about two orders of magnitude.
Special Relativity (SR) is a fundamental theory that underlies all established models of the forces of nature, from the gravitational and electromagnetic to the weak and strong nuclear forces. Violations of SR, however, seem to be a common feature of many proposed models of quantum gravity, like string theory and loop gravity. It is therefore of great interest to verify SR in experiments of increasing accuracy.
Here, we present a new Michelson-Morley (MM) experiment 1,2 that places stringent limits on several parameters of the general standard model extension (SME), which describes violations of SR arising from quantum gravity.
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The basic principle of a MM-experiment is to compare the velocities c x and c y of light propagating in two orthogonal directions -in our setup (Fig. 1) by measuring the frequencies of two Nd:YAG lasers at 1064 nm stabilized ("locked") to the resonance frequencies ν x,y = mc x,y /(2L) of cryogenic optical resonators (COREs), where L is the resonator length and m the integer mode number. A variation of ν x − ν y induced by a rotation of the setup implies a violation of the isotropy of the speed of light c, in contrast to the prediction of SR.
The high stability of COREs made from crystalline sapphire (current upper lim- its on the drift rates are 2 kHz/6 months from a comparison to an iodine frequency standard, and 0.1 Hz/h in CORE-CORE comparisons) makes them a valuable tool for high precision measurements of this type. For the MM-experiment, it allows us to use solely Earth's rotation; previous experiments 5 had to use a rotating turntable to overcome the drift rates (10 kHz/day) of room temperature cavities.
The COREs are operated inside a 4 K liquid helium cryostat with optical access. The advanced laser frequency stabilization scheme uses automatic beam positioning to compensate for cryostat movements caused by refills of coolants and an automatic offset compensation system 6 to find the middle of the 100 kHz wide resonator lines to about 1 Hz accuracy. A total of 3461 hours of usable data was acquired over a period of 390 days starting on June 19, 2001. This data was analyzed for sinusoidal Lorentz violation signals at six different frequencies predicted by the SME (Fig. 2) .
Within the Maxwell sector of the SME, violations of boost invariance and isotropy of c are described by 3×3 matricesκ e− (symmetric) andκ o+ (antisymmetric). Non-zero values of them lead to a modified c as well as a (usually negligible) modification 7 of L -and thus to a characteristic time dependency of ν x − ν y on Earth's rotation and its orbital motion around the sun. From our MM-experiment, we obtain the bounds with a − b = 8.9 ± 4.9 (expressed within the sun-centered celestial equatorial reference frame 3 ). Likewise,
for the antisymmetric matrix, which enters the experiment suppressed by β ⊕ = v orbit /c ∼ 10 −4 . Compared to the best previous experiment 4 this represents an improvement by about two orders of magnitude. Furthermore, the > 1 year span Table 1 . Fitted signal amplitudes A S i , A C i of the sine and cosine components, respectively, of a hypothetical Lorentz violation signal. ω ⊕ ≈ 2π/(23h56min) and Ω ⊕ = 2π/1 year denote the angular frequencies of Earth's sidereal rotation and orbit. The fit results actually used to determine limits on SME parameters are set in bold face. In a previous (Kennedy-Thorndike) experiment 8 comparing a CORE-stabilized laser and an iodine standard, we already determined A = (1.9 ± 2.1) · 10 −5 (meanwhile improved 9 to A = (3.1 ± 6.9) · 10 −9 ). From our MM-experiment we now obtain δν/ν = (0.73 ± 0.48) Hz, which implies a new limit on the isotropy parameter B = (2.2 ± 1.5) · 10 −9 , with an uncertainty about three times lower than the best previous limit.
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Future versions of the experiment will employ a turntable to provide active rotation at an optimized rate. The use of fiber coupling and specially designed monolithic COREs are further promising options. Together, this should ultimately lead to an improvement by another two orders of magnitude or more.
